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West NNC Workshop Introduction and Agenda Materials_FINAL.pdf

Dear Participant,
We are looking forward to a very exciting workshop next week. When you arrive at the workshop,
you will receive a nametag and agenda. We will not be printing handouts for the workshop—instead
we are distributing those materials via email. Also included in this email are a number of reminders
from the workshop co-chairs.
Workshop Handouts
Please find attached:

Workshop Introduction and Agenda
This file contains the workshop objectives and goals, agenda, participant list, logistics
sheet, poster abstracts, and a local restaurant list.

West NNC Workshop - PPTs Day 1.pdf
This file contains handout versions of the day 1 presentations that we have received.

Due to file sizes, the handouts for days 2 and 3 will be distributed in a separate email.
Internet Access
There is no public internet access in the EPA Region 9 building. Please print or save the electronic
handouts prior to coming.
Access to EPA Region 9
• Arrive 20 minutes before the meeting start time to allow for security screening. You will need a

state/federally-issued ID.
• Avoid bringing any items that may be considered weapons, explosives, incendiary devices, illicit

drugs, or bulky items to guarantee and expedite your security clearance and access to the
building.

On-site logistics
• The workshop conference rooms are in the first floor of the EPA Region 9 building (to the right,

after passing through security).
• Most workshop activities will take place in rooms CA, NV, AZ.
• The building has a cafe on the first floor with coffee and basic food options. The cafe is located to

the left, after passing through security and walking through the elevator bank.
• Coffee, tea, and some snacks will be available during breaks. We would appreciate for you to bring

your own cup/water bottle to reduce excessive use of paper products and production of waste.

Networking events
• Terry Fleming and Janet Hashimoto (Region 9) have planned two fun social outings:

May 1: Giants vs. San Diego Padres baseball game
May 2: Ferry ride and dinner

• If you would like to sign up for these events, please sign up here:
https://www.surveymonkey.com/r/9RRGRMQ

• Make sure to bring some comfortable clothing and shoes. The early mornings and evenings are
often cool, foggy and windy, so a light jacket is recommended.

• Please bring cash to the networking events to expedite payment transactions.

Working lunch—May 3
• There will be a working lunch on the last day of the workshop (Thursday, May 3).
• To order your lunch, please follow these instructions:

Go to: https://www.specialtys.com/Menu.aspx
Under the “Pick Up” tab on the right, click “Pick a café”.

mailto:Clair.Meehan@tetratech.com
https://www.surveymonkey.com/r/9RRGRMQ
https://www.specialtys.com/Menu.aspx
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Using Stressor-Response 
Relationships to Derive Numeric 
Nutrient Criteria for Lakes and 


Reservoirs


1


Lester Yuan


Office of Science and Technology


Office of Water, US EPA


Outline


2


• Background


• Stressor‐response tasks
– Define the endpoint and threshold.


– Maximize the accuracy of the estimated relationship.


– Account for and manage noisy data.


What is a Stressor-Response
Approach?


3
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Background


• Relationship between total phosphorus and chl a used to 
guide management of lakes (Dillon and Rigler, 1974).


• Stressor‐response relationships described as an approach for 
deriving nutrient criteria for different waterbodies (EPA 2000).


• Guidance document on use of stressor‐response released 
(2010).


• Re‐evaluation of national recommended nutrient criteria for 
lakes and reservoirs underway (2014 – present).


4


Ecoregional Nutrient Criteria


5


• Nutrient criteria recommendations published in 2000 – 2001 for lakes, 
reservoirs, rivers, and streams.


• U.S. classified into 14 nutrient ecoregions in which nutrient 
concentrations were expected to be similar.


• Nutrient criteria derived based on 
a reference distribution approach.


– Criteria derived as the 25th percentile 
of all available nutrient data


Current National Nutrient 
Criteria Effort


• Re‐evaluate recommended numeric nutrient criteria for lakes and 
reservoirs.


• Approach


1. Define potential assessment endpoints and measures of exposure for 
aquatic life use, recreation, and drinking water source protection. 


2. Use national data to estimate stressor‐response models that quantify 
relationships between nutrient concentrations and selected 
assessment endpoints. 


3. Derive recommended national numeric criterion values that protect 
three specific designated uses (public health and aquatic life).


4. Provide approach for combining state data with national models.


6
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Data for National Nutrient Criteria


• National Lakes Assessment data 


– Survey data from 2007 and 2012 
included


– Extensive set of measurements 
collected at ~ 1800 randomly 
selected lakes.


– Consistent protocols used to 
collect the same measurements 
from each of the lakes.


7


Define the endpoint and threshold


8


How do we quantify “ecological condition” 
and set an appropriate threshold?


Defining assessment endpoints


9


• Characteristics of useful assessment endpoints:
‐ Responsive to nutrients
‐ Quantitative
‐ Linked directly to management goal
‐ Data available


• Management goal:
‐ “…water quality which provides for the protection and propagation 


of fish, shellfish, and wildlife and provides for recreation in and on 
the water…”


‐ Three designated uses:
• Aquatic life
• Recreation
• Drinking water source.


• Most sensitive use for each lake determines the final 
criterion value.
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Defining assessment endpoints to protect 
aquatic life


10


• Management goal: “…protection and propagation of fish, shellfish and 
wildlife” 


• Assessment endpoints: “…explicit expressions of the actual 
environmental value that is to be protected…”


• Selecting several endpoints ensures that aquatic life in different types 
of lakes is protected.
‐ Zooplankton
‐ Fish
‐ Submerged aquatic plants


Assessment endpoints: Zooplankton


11


When phytoplankton concentrations are 
high, increases in phytoplankton are not 
matched with increases in zooplankton


In lakes with high concentrations of phytoplankton and nutrients, transfer of 
energy from primary productivity to higher trophic levels is less efficient. 


Assessment endpoints: Fish


12


• Distribution of many fish species is 
limited by water temperature.


• In stratified lakes, depletion of oxygen 
below the thermocline can eliminate 
viable habitat for certain fish species.


• Potential endpoint: Sufficiently deep 
layer with dissolved oxygen > 4 mg/L 
below thermocline to allow fish to 
persist through the summer (US EPA 
1986).


http://www.teachoceanscience.net/teaching_
resources/education_modules/fish_and_physi
cs/explore_trends/oxygen_and_water_temper
ature/
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Assessment endpoints: aquatic plants


13


• In shallow lakes, two stable states have 
been observed:


– Aquatic plant dominated: clear water, 
diverse animal and plant communities


– Phytoplankton dominated: turbid water, 
low diversity


• Potential endpoint: Sufficient coverage of 
submerged aquatic plants to maintain 
clear water. 


Scheffer, M. 1999. Searching explanations of 
nature in the mirror world of math. 
Conservation Ecology 3(2): 11. [online] URL: 
http://www.consecol.org/vol3/iss2/art11/ 


Exposure metrics for drinking water and 
recreational uses


14


• Drinking water source:
– Microcystin concentration


– Possible threshold: 0.3 µg/L (US EPA Health Advisory for children, 
2015)


– Based on a variety of health effects


• Recreation: 
– Microcystin concentration


– Possible threshold under development.


• Incidental ingestion during recreation


Assessment endpoints: Summary


15


• Characteristics of useful assessment endpoints:
‐ Responsive to nutrients
‐ Quantitative
‐ Linked directly to management goal
‐ Data available


• National scale of 304(a) limited by data availability
‐ Additional endpoints one might consider at local scales:


‐ Fish abundance
‐ Reference site biological characteristics
‐ User perception surveys


‐ Water transparency (e.g., Secchi depth)
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Accuracy of Stressor-Response
Relationships


16


How do we accurately estimate the 
stressor-response relationship?


Lake Conceptual 
Model


17


Point 
sources


Recreation Aquatic life support Drinking water supply


Color


Urban 
nonpoint sources


Agricultural
nonpoint sources


↑ primary 
productivity


↑ respiration↑ organic 
matter


∆ dissolved oxygen


Light Temperature


∆ food quantity ∆ food 
quality


↑ algal 
toxins


↑ nuisance 
plants


↑ nutrients Retention
time


Fetch


Stratification


↑ suspended sediment ↑ toxics


Lake depth


Natural
vegetation


Hydrology-
Geology


Alkalinity


Nutrients 
(e.g., TP)


Primary 
productivity 
(e.g., chl-a)


Color


Light


Hydro-
geology


Accuracy: Are All Relevant 
Covariates Considered?


• To identify potential 
confounding variables, 
select variables along each 
“backdoor” path linking 
the stressor with the 
response variable.


• Color can directly influence 
light availability and 
primary productivity, and is 
influenced by the 
hydrogeology of the lake 
watershed.


18
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Accuracy: Are All Relevant 
Covariates Considered?


19


All data
Within classes


Average Range


log (conductivity) 0.36 0.14 0.06 – 0.23


log (color) 0.26 0.15 0.01 – 0.35


How strongly are covariates correlated with the stressor 
variable?  


Correlation coefficients between TN and different covariates


Test Relationships Using Different 
Datasets


20


High nitrate concentrations in Iowa yield 
a different relationship between TN and 
microcystin.


Microcystin


Explicit models for different steps in 
the causal chain can improve accuracy 
of estimated relationships.


Bayesian network models provide 
framework for modeling relationships 
between many different variables.


Improving accuracy


21


Cyanobacteria 
abundance


Chlorophyll
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Cyanobacteria biovolume and MC


22


Chl a


Cyano biovolume


Microcystin


Mean relationship


90% confidence intervals


Chl a and cyanobacteria biovolume


23


Chl a


Cyano biovolume


Microcystin


Samples dominated 
by cyanobacteria


When samples are dominated 
by cyanobacteria, the average 
chl a content of each 
cyanobacteria cell defines the 
relationship between chl a and 
cyano biovolume:


Cyano = k ×chl a


Distance below the line is the relative 
abundance of cyanobacteria in a sample.


Chl a and cyanobacteria 
relative abundance


24


Chl a


Cyano biovolume


Microcystin


Cyano relative 
abundance


Cyanobacteria relative abundance increases with chl a.
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Modeling total nutrient concentrations


25


This Photo by Unknown Author is licensed under CC 
BY-SA


N,P


N,P


N,PN,P


N,P


N,P


Diss N


N,P


log(chl a) = d1 + d2log(TN)


TN = k1chl a + k2sed + Ndiss


log(TN) = log(k1chl a + k2sed + Ndiss)


TN and chlorophyll a


26


Weekly measurements from 
15 Missouri reservoirs.


Predictive performance of TP and 
TN models


27


Models for TN and TP predicted observed TN and TP 
accurately and precisely.
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Model comparison


28


Data from NLA


Limiting relationship from MO


Limiting relationships estimated in MO seem applicable nationally.


Accuracy: Is the Estimated Relationship 
Consistent With Other Estimates? 


• How similar are models computed within a waterbody and 
models computed across different waterbodies?


• How similar is the estimated model to other models 
documented in the literature?


• Does the inclusion of covariates in the model substantially 
alter the estimated stressor‐response relationship?


29


Accounting for Noisy Data
(Model Precision)


30


How do we estimate the 
stressor-response relationship?
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Accounting for Residual Variability


31


• Three components of residual variability


‒ Temporal variability


‒ Sampling variability


‒ Spatial variability


Temporal Variability


32


If we know how much conditions vary in time, we can specify criteria based 
on allowable exceedance probability.


Example: Maintain chl a below 20 μg/L for 90% of the days in the summer.


90th percentile 
of temporal 
distribution


Sampling Variability


33


Image: Joshua Stevens/NASA Earth Observatory


Lake St. Clair


Sampling variability includes differences among samples collected at different locations in a 
lake at the same time. If we know the magnitude of the sampling variability, we can specify 
criteria that account for the range of possible measurements. 


Example: Maintain microcystin below some threshold over 90% of the lake surface.


Comparison of microcystin at the 
shore and in the center of the lake
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Spatial Variability


34


Differences in stressor‐response relationships among water bodies can 
often be taken into account by classification.


State-specific Models


35


Iowa Case Study


36


Microcystin


Cyanobacteria 
abundance


Chlorophyll• Chl a, cyanobacteria abundance, 
and microcystin data were 
available in Iowa.


• Iowa cyanobacterial abundance 
data were biased and could not be 
used.


• National and Iowa data were used 
to estimate chl a ‐MC 
relationship.







4/26/2018


13


Iowa Case Study


37


Iowa Case Study


38


National model 50% 
uncertainty interval 


Iowa‐national model 
50% uncertainty interval


Shaded area and blue lines enclose the uncertainty interval for the 90th


percentile of the predicted MC concentration. 


Utah case study


39


Microcystin


Cyanobacteria 
abundance


Chlorophyll• Only chl a and cyanobacteria 
abundance data were available in 
Utah.


• National and Utah data were used 
to estimate chl a/cyano
relationship.


• Only national data were used to 
estimate cyano – microcystin 
relationship.







4/26/2018


14


Utah Case Study


40


Comparison of Utah and NLA cyanobacteria data indicated that 
higher detection limits occurred in the Utah data.


Measurements below 
detection limit are estimated.


Utah Case Study


41


Lessons Learned


• Ecological endpoints:


– Methodical process for evaluating available data and connection to 
designated uses yields appropriate endpoints. 


• Stressor‐response relationship accuracy: 


– Examine conceptual model.


– Test with validation data.


• Stressor‐response relationship precision:


– Estimate temporal, sampling, and spatial components of variability to 
improve decision making.


– Classification can improve precision while maintaining model 
interpretability.


– Combining state and national data can improve model performance.


42
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Next Steps for National Nutrient Criteria


• Complete documentation and review of underlying science.


– Journal manuscripts.


– Internal review.


• Public outreach and communication.


• Propose revised national numeric nutrient criteria for lakes.


43







Title: Numeric Nutrient Criteria: Duration and Frequency 


Presenter and discussion moderator: Jacques L. Oliver, U.S. EPA, Office of Water, Office of 
Science and Technology 


Format: 10 min. presentation (ppt), 20 min. facilitated discussion 


Anticipated outcomes:  


1. Awareness on the difference between the duration and frequency of nutrient criteria 
that confer protection of designated uses from the duration and frequency associated 
with representative monitoring and data synthesis for regulatory assessments, 


2. Understanding the technical approaches used to estimate nutrient criteria duration and 
frequency, and 


3. Develop action items that advance awareness, understanding, and quantitative 
estimation of nutrient criteria duration and frequency. 


Abstract 


Water quality criteria are comprised of three elements: magnitude (how much), duration of 
exposure (how long), and frequency of exposure (how often).  These elements of nutrient 
criteria may vary depending on their expression in regulation (narrative vs. numeric) or the 
scales of the assessment endpoints and measures of effect used during nutrient criteria 
development (e.g., seagrass light requirements, cyanobacterial abundance, dissolved oxygen 
concentration, etc.).  Duration and frequency are key components to ensuring the protection of 
designated uses because they provide a temporal dimension to water quality expectations that, 
in turn, influences when water quality is monitored and assessed for Clean Water Act 
compliance purposes.  Due to their close association with water quality monitoring activities, 
nutrient criteria duration and frequency are often used synonymously with the duration and 
frequency of nutrient environmental monitoring and sampling1.  Similarly, nutrient criteria 
duration and frequency are sometimes used synonymously with the duration and frequency 
associated with nutrient water quality assessments2.  Examples differentiating nutrient criteria 
duration and frequency from the duration and frequency of nutrient environmental sampling 
and water quality assessments will be presented.  Technical approaches to estimating nutrient 
criteria duration and frequency will be also presented, followed by open discussion and 
participant-driven action item development. 


                                                           
1 For example, how long and how frequently should we sample the stream in order to generate representative 
data from which we can detect compliance/non-compliance with water quality criteria? 
2 For example, over what period of time do we evaluate nutrient water quality data such that conclusions can be 
made regarding attainment/impairment pursuant to CWA 303(d)?  
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Numeric Nutrient Criteria: 
Duration and Frequency


Jacques  L. Oliver, U.S. EPA, Office of Water, Office of Science and Technology
Eastern Numeric Nutrient Criteria Workshop
Atlanta, Georgia
April 24 – 26, 2018


Goals for this session


1. Clarifying nutrient water quality criteria duration and frequency


2. Highlighting approaches and techniques that estimate them


3. Discussion, feedback, and action items
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Distinguishing criteria duration and frequency


Criteria


Protective length of time and 
frequency of exposure to a 
pollutant or pollutant 
parameter magnitude


WQ Monitoring/Sampling


Length of time and frequency 
of observations needed to 
detect exceedance of the 
criteria


Assessment Period


Length of time and frequency 
of concluding exceedance of 
the criteria


Nutrient Criteria Duration/Frequency Criteria Monitoring/Sampling Period Criteria Assessment Period


Surface* median** concentration of     
1 mg/L over the growing season, with 
no excursions in more than one year


Monitor over the growing season
(90 – 120 days),


Sample* throughout the season


One 303(d) assessment every two years,
Two annual index periods


Duration: growing season
Frequency: no excursions in more than 
one year


*Surface sampling **Median: data handling


3
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Assessment endpoints and duration/frequency


Nutrient Criteria Duration/Frequency Criteria Monitoring/Sampling Period Criteria Assessment Period


Surface* median** chl-a concentration 
of 20 mg/L over two weeks within the 
growing season, with no more than one 
excursion per season


Monitor over the growing season,
Sample* over two week periods, 


Random + targeted sampling


One 303(d) assessment every two years,
Two growing seasons


*Surface sampling **Median: data handling


Management goal: Recreational Use (swimming in temperate lakes) 
Assessment endpoint: Frequent cyanobacterial blooms (implies peak biomass)
Measure of effect: Chl-a concentration
Magnitude: A surface median chl-a concentration of 20 mg/L… 
Duration: …lasting no more than two weeks during the growing 


season…
Frequency: …with no more than one excursion per growing season.
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Assessment endpoints and duration/frequency


Nutrient Criteria Duration/Frequency Criteria Monitoring/Sampling Period Criteria Assessment Period


Nearshore* median** Secchi disk depth 
of 1.2 m over one year, with no more 
than one excursion over two years


Monitor over the year,
Sample* over the year, 


Random + targeted sampling


One 303(d) assessment every two years,
Two, one-year periods


*Nearshore sampling **Median: data handling


Management goal: Aquatic life (warm, subtropical estuary)
Assessment endpoint: Seagrasses (implies nutrient-driven algal turbidity)
Measure of effect: Water clarity (light attenuation, Secchi disk depth)
Magnitude: Water clarity in nearshore waters (up to 3 m depth) 


expressed as a median Secchi disk depth of 1.2 m…
Duration: …over one year…
Frequency: …with no more than one excursion over two years.
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Estimating duration and frequency


Toxic pollutants


▪ Controlled laboratory experiments 
(removes confounding variables)
– Project across many waterbody types


▪ Dose-response (gradient)


▪ Lethal effects (hours)


▪ Frequency: Recovery time (months+)


Nutrient pollution


▪ Field monitoring of ambient surface WQ
(includes confounding variables)
– Reflects waterbody-specific conditions


▪ Correlations, not dose-response


▪ Myriad sub-lethal effects (days – months)


▪ Frequency: Recovery time (weeks+)


6
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Estimating nutrient criteria magnitude and duration:
An approach inspired by the experimental work of M. Pace et al., 2017, PNAS
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Exposure to a nutrient supply over time


15 d


30 d


Recovery time after exposure to a nutrient supply


55 d


40 d


Goals for this session


1. Clarifying nutrient water quality criteria duration and frequency
➢Take home: Be careful not to substitute the temporal scales of what is 


protective with the temporal scales of monitoring and assessment 


➢Take home: For nutrient pollution, the assessment endpoint can influence the 
temporal scales of criteria duration and frequency (and, in turn, the temporal
scales of monitoring and assessment)


2. Highlighting approaches and techniques that estimate them
➢Take home: Apply appropriate time-scales, pollutant gradients, and a means 


to account for confounding variables


3. Discussion, feedback, and action items


8


Discussion, feedback, and action items


Discussion


• Clarifying questions and comments


9


Feedback


• What techniques have you used to estimate duration and frequency?


• What scientific information do you see as foundational to estimating duration and frequency? 
Examples: physiological, metabolic, life histories


• What aspects of narrative nutrient criteria contribute to estimating duration and frequency?


Action items
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WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Eric Hargett


Western Numeric Nutrient Criteria Workshop 
May 1 - 3, 2018
San Francisco, California


Using shifts in phytoplankton 
communities to derive combined 
nutrient criteria for lakes


WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Presentation Outline


• Approach
• Scope / Data
• Criteria Development Process
• Status


WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Approach


• Regional-based combined criteria (TP, TN, Chl-a) for protection of aquatic 
life in perennial lakes within the Wyoming Basin level III ecoregion


• Stressor-response methodology


• Derive biological threshold concentrations (BTCs) - TP/TN concentrations 
that correspond to significant changes in the structure or function of 
phytoplankton


• Identify BTCs that corresponded to ‘adverse alterations’ in the 
phytoplankton community and set TP/TN criteria to prevent such 
alterations from occurring


• Chl-a criteria derived from empirical relationships of TP/TN and Chl-a


• Criteria corroborated with scientific literature, trophic state indices and 
other adopted state lake nutrient criteria







2


WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Scope / Data


• Perennial lakes (all reservoirs) – 200 total


• >10 acre surface area and maximum summer pool depth >1.0 meter and 
<30.0 meter


• Data used to develop criteria
• Probabilistic monitoring design based on level IV and size class
• Collections occurred during 2008-2014
• Data obtained from 67 monitoring sites representing 52 lakes (26% of 


the realized target population of 200 lakes)
• 4,500 chemical, physical and chl-a that equated to 321 samples
• 259 phytoplankton samples
• Represented three seasons from June 1 to October 15
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WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Scope / Data


• Typical lake characteristics
• Alkaline (~200 mg/L CaCO3)
• Cold to cool-water lakes (20-24○C)
• Maximum depth (5-8 meters)
• Elevation (~7,000 ft)
• Generally holomictic with weak to no stratification
• Support primarily cold-water fisheries
• Moderate turbidity year-round (high fetch)
• Many publically accessible


• Criteria developed for the growing season (July 15 – September 30)


WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Lake Grouping


• Cluster analyses (UPGMA) and Non-metric multidimensional scaling 
(NMDS)


• Four groups identified
• Significant linear relationships between TP, TN and Chl-a for each group 


though statistically similar between groups (ANCOVA)


• Combined into a single Wyoming Basin lake group
• Significant linear relationships between TP, TN and Chl-a for Wyoming 


Basin lake group


WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Responses of Chl-a to Nutrients


• Linear Quantile Regression (LQR) at the 75th quantile
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WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Biological Threshold Concentrations (BTCs)


1 - Additive Quantile Regression Smoothing (AQRS)


2 - Non-Parametric Changepoint Analyses(nCPA)


3 - Threshold Indicator Taxa ANalysis (TITAN)


WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Biological Threshold Concentrations (BTCs)
1 - Additive Quantile Regression Smoothing (AQRS)


• Identify BTCs for TP and TN at changepoints along response curves 
(75th quantile) for 124 phytoplankton metrics


Adapted from Stevenson et al. (2008)


WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


• Identify BTCs for TP and TN that correspond with the first split or the 
greatest change in responses among 124 phytoplankton metrics


Biological Threshold Concentrations (BTCs)
2 - Non-Parametric Changepoint Analyses(nCPA)
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WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


• Identify BTCs as the peaks of the maximum sum of tolerance scores 
for those taxa that are significant ‘increasers’ or ‘decreasers’ along 
the TP gradient


Biological Threshold Concentrations (BTCs)
3 - Threshold Indicator Taxa ANalysis (TITAN)


Community-level changepoint


WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


• Identify taxon-specific BTCs for only pure (always respond in same 
direction) taxa that had significant and strong (high Z score) 
responses to nutrients


Biological Threshold Concentrations (BTCs)
3 - Threshold Indicator Taxa ANalysis (TITAN)


Taxa level changepoints


WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Biological Threshold Concentrations (BTCs)


24 BTCs for TP    (30 – 130 ug/L)


AQRS TITAN*


Phytoplankton BTCs Metric Type


Log Aphanizominon Density (cells/L) Blue-green algae genus TP 130


Log Chlorococcales Density (cells/L) Green algae order TP 50


Log Coscinodiscophyceae Density (cells/L) Green algae class TP 40


Log Cryptomonas Density (cells/L) Cryptomonad algae genus TP 60


Log Cyanophyceae Density (cells/L) Blue-green algae class TP 70 50


Log Cyclotella Density (cells/L) Diatom algae genus TP 60 60


Log Dolichospermum Density (cells/L) Blue-green algae genus TP 60


Log Euglena Density (cells/L) Euglenoid algae genus TP 130


Log Euglenophyta Density (cells/L) Euglenoid algae family TP 70


Log Microcystis Density (cells/L) Blue-green algae genus TP 50


Log Monoraphidium Density (cells/L) Green algae genus TP 50


Log Navicula Density (cells/L) Diatom algae genus TP 70


Log Nitzschia Density (cells/L) Diatom algae genus TP 60


Log Nostocales Density (cells/L) Blue-green algae order TP 70 65


Log Palmer Metric (cells/L) Nutrient Pollution Index TP 30 / 60


Log Rawson Metric (cells/L) Nutrient Pollution Index TP 60


Log Rhodomonas Metric (cells/L) Cryptomonad algae genus TP 44


Log Schroederia Metric (cells/L) Green algae genus TP 60


Log Surirella Density (cells/L) Diatom algae genus TP 65 65


Log Taylor Metric (cells/L) Nutrient Pollution Index TP 60 50


TITAN sum(z+) Phytoplantkon community TP 70


nCPANutrient 


(µg/L)
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WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Biological Threshold Concentrations (BTCs)


15 BTCs for TN    (260 – 1449 ug/L)


AQRS TITAN*


Phytoplankton BTCs Metric Type


Log Aphanocapsa Density (cells/L) Blue-green algal genus TN 700 1000


Log Aphanothece Density (cells/L) Blue-green algal genus TN 1000


Log Asterionella Density (cells/L) Diatom algae genus TN 260 100


Log Chlamydomonas Density (cells/L) Green algae genus TN 674 632


Log Fragilaria Density (cells/L) Diatom algae genus TN 1100 300


Log Gymnodinium Density (cells/L) Dinoflagellate algal genus TN 1100


Log Merismopedia (cells/L) Blue-green algal genus TN 905 700


Log Microcystis Density (cells/L) Blue-green algae genus TN 1000


Log Peridinium (cells/L) Dinoflagellate algal genus TN 1449


TITAN sum(z+) Phytoplantkon community TN 849


Nutrient 


(µg/L)


nCPA


WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


• Taxa autecological information
• Cyanobacteria that form HABs
• Toxin producing cyanobacteria and dinoflagellates
• Known effects of toxins to aquatic life
• Eutrophic/hyper-eutrophic indicators
• Hypoxic indicators
• Overall phytoplankton community shift
• Elevated densities that correspond to nuisance blooms


Which BTCs correspond to ‘Adverse 
Change’?


BTCs Adverse ?= =
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WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Risk of hypoxia…
Epilimnetic D.O. vs. TP


50 (ug/L)


6.5 (mg/L)


6.5 (mg/L)


5.3 (mg/L)


Cold-water fisheries: 6.5 mg/L (7 day mean) and 5.0 mg/L (1 day minimum)
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Is managing for TP enough?


500 (ug/L) 400 (ug/L)


1000 (ug/L) 1500 (ug/L)


WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Deriving Combined Criterion
TP ~ 40 µg/L                                                       TN ~ 650 ug/L              
Chla ~ 9 µg/L                                                      Chla ~ 11 ug/L


Not to exceed maximums: ~60 ug/L TP, ~850 ug/L TN
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WYOMING DEPARTMENT OF


ENVIRONMENTAL
QUALITY


Timeline


• Spring 2017 - Draft Technical support document for combined 
numeric nutrient criteria for Wyoming Basin lake


• Spring 2018 – Received reviews from three recognized external 
peer-reviewers with charge questions


• Summer/Fall 2018 - Evaluate external peer-reviews and revise 
criteria as needed


• Fall/Winter 2018 - Disseminate to WY Nutrient Workgroup and 
EPA for informal review
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 Kalispel Adjudicated 
Aboriginal Boundary
 NE Washington, 


Idaho and Western 
Montana


 Over 2.3 million 
acres


 Reservation
 NE Washington
 4,750 acres
 1,900 additional 


acres in Trust status 
since 1997 (with cons. 
easements)
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http://iafi.org/


Photo credit: USFWS
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 Tri-State Water Quality Council (>$1 million federal)
 MT-ID MOA - Lake Pend Oreille open water TP target 7.3 ug/L 


(area-weighted euphotic zone geometric mean)
 The MT Clark Fork River Voluntary Nutrient Reduction Program 


1998-2008
➢ Two actions >85% TP reduction from wastewater discharges in MT


1) Missoula, MT WWTP nutrient  removal
2) Frenchtown, MT Pulp Mill closure (Dec-09)


 ID TMDL - Lake Pend Oreille near-shore 9 ug/L avg – 12 ug/L 
instantaneous


 Pend Oreille R. arm listed -then delisted for phosphorus in ID 
downstream of Sandpoint WWTP


 Pend Oreille River  listed -then delisted for pH violations in WA
 Kalispel TP Criteria - 10 µg/L as P, 30-day avg, April–Oct 


From:  Lake Access, Minnesota EMPACT Project
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 Changes to water quality due to excess nutrients are 
expressed first through the impacts to other more 
sensitive water quality criteria


 Before nuisance levels of algal growth occur and 
aesthetics are noticeably impaired, streams and rivers 
will have violations of the state’s dissolved oxygen, pH, 
and turbidity criteria


 These criteria, which are designed to provide full support 
to sensitive aquatic life communities, have been found to 
be more reliable indicators of trophic health


 ……………The second key indirect indicator of 
river eutrophication is the state’s pH criteria. 
Excess nutrients in the state are identified by 
increasing trends in pH concentrations and 
by exceedances of the upper pH levels 
established for the water bodies.  After such 
problems are identified, the criteria serve as 
targets for restoration and clean up that 
directly incorporate the causal effect of 
nutrients
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 Violations of these other trigger criteria, result in 
303(d) listings and comprehensive water body-
specific studies that are used to establish clean up 
requirements.


 These system-wide remedies examine the role of 
nutrients as well as other key facilitating 
parameters such as flows, temperature, and BOD 
when setting requirements for returning full 
health to the water body
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Pend Oreille Lake and River Tributaries TMDL 
Five-Year Review (IDEQ 2017)


Lake Pend Oreille Waterkeeper 
http://www.lakependoreillewaterkeeper.org/po-river-channel.html#.WtokKKrrs0M
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 Changes in low-flow channel morphometry by reservoirs
➢ Expanded shallow habitat for macrophyte colonization
➢ Reduced velocities & increased residence time especially at @ low 


flow


 Warmer water promoting primary growth rate and season 
length especially in shallow portions of reservoirs


 Continuous input of nutrients from WWTPs with mixing 
throughout the water column (almost all in euphotic zone)


 Phytoplankton production promoted especially in critical flow
 Macrophytes providing enhanced growing media for 


epiphyton
 Critical flow velocities in reservoir less limiting to epiphytic 


accrual 


 Acknowledge existing degradation contributed to 
by nutrients within the Pend Oreille River 
especially  during critical conditions – not average 
flows


 Develop and adopt protective in-stream nutrient 
targets with equitable levels of aquatic resource 
protection throughout the Pend Oreille Basin


 Begin developing nutrient control strategies for 
the impounded river down-stream of the Lake


 Implement  the most cost effective strategies for 
nutrient  reduction to begin a measurable reverse 
in nutrient loading from WWTPs and other 
sources
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Lessons Learned in 
Establishing Nutrient Criteria


on the Pyramid Lake Paiute Reservation


Kameron Morgan
Water Quality Manager
Pyramid Lake Paiute Tribe
kmorgan@plpt.nsn.us
plptwq.org2018 Western Numeric Nutrient Criteria Workshop 


Overview


• Pyramid Lake Reservation


• History of Water Quality Standards


• 2015 Review of WQ Standards (WQS)
• Identify Stakeholders


• Data Review


• Revise Standards


• Conduct Public Outreach


• Conduct Public Hearing


• Lessons Learned


• Questions


Lower Truckee River Near Wadsworth, NV


Pyramid Lake Paiute Reservation


• 33 miles northeast of Reno, 
NV


• Reservation: 477,000 acres


• Surface waters
• Pyramid Lake – 117,000 acres


• Truckee River – last 31 miles


• Streams
• Springs and wetlands
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Pyramid Lake Paiute Reservation


• Pyramid Lake Paiute People – Kooyooe Tukuda, cui-ui eaters


• Home to the endangered cui-ui (Chasmistes cujus) and threatened 
Lahontan cutthroat trout (Oncorhynchus clarkia henshawi)


cui-ui
(Chasmistes cujus)


Lahontan cutthroat trout 
(Oncorhynchus clarkii henshawi)


History of Water Quality Standards (WQS)


• 1981: Pyramid Lake Water Quality Monitoring was established


• 1989-1993: Limnological study conducted by UC Davis


• 1990: Tribe received Treatment in the Similar manner As States (TAS) 
of the CWA


• 2001: Council adopts Water Quality Control Plan


• 2008: EPA and Tribal Council approval of the Tribe’s Water Quality 
Standards (WQS) 


• 2015: EPA and Tribal Council approval of revised WQS


Elements of WQ Standards


➢ Identify important cultural, community, and 
recreational uses of waters and establish 
criteria to protect beneficial uses


➢ Primary Contact Ceremonial Use, aquaculture, Cold Freshwater 
Habitat, Irrigation, Riparian Habitat, Sport Fishing, Water 
Quality Enhancement, etc.


➢ Develop WQ criteria to protect beneficial uses
➢ Antidegradation Policy – Must conserve, maintain 


and protect the existing uses of a water body by 
maintaining high water quality


Any surface waters of the Pyramid Lake Paiute Tribe whose 
quality is better than an applicable beneficial use  standard of 
water quality as of date when those standards become effective 
must be maintained in their higher quality.
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Steps to Developing WQS


1. Identified all waterbodies within 
the Reservation’s boundaries that 
will require WQS


2. Designated beneficial uses for 
each waterbody or different 
portions of the same waterbody


3. Defined criteria by incorporating 
standards of the adjoining state 
and independently developed 
standards accounting for site-
specific conditions


Need for a Triennial Review


• Federal regulations require that 
states/tribes hold public hearings at 
least every three years to review 
applicable surface water quality 
standards and, as appropriate, adopt 
new or modified standards.


(40 CFR 131.20)


Key Components of a Triennial Review


Review 
Current 


WQS


Identify 
Stakeholders


Review WQ 
Data


Public 
Outreach


Revise WQS 
(Draft)


Public 
Outreach


Public 
Outreach


Public 
Hearing


Address 
Public 


Comments


Final WQS
Tribal 


Council 
Approval


EPA 
Approval


Start


End
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Review Existing WQS and Supporting Documents


• Reviewed 2008 WQ Control Plan


• Reviewed Pyramid Lake Limnological Study


• Review EPA Recommended WQ Criteria


• Other historical and updated WQ documents


Identify Stakeholders


Who are the stakeholders?
• Agriculture: Truckee Carson Irrigation 


District


• Urban: Truckee Meadows Water 
Association and Truckee Meadows 
Water Reclamation Facility (Reno, 
Sparks, Washoe County)


• Interstate: Town of Truckee (California)


• Government: NV Division of 
Environmental Protection (NDEP), EPA, 
Northern NV Water Planning 
Commission


• Reservation: Tribal community, 
departments, Tribal Council


Who can provide technical assistance?
• DRI: Chris Fritsen and Jim Brock, Desert Research Institute


• Dan Mosley, Native Environmental Services


• EPA: Project Officer, Stephanie Wilson; Region 9 Water Division


• NDEP: Randy Pahl, Water Pollution Control


Identify Stakeholders
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Data Analysis


Gather field, nutrient and continuous WQ data from 
all sources:


• PLPT, USGS, NDEP, DRI, TMWRF


Things to consider:
• WQ criteria exemptions – high and low flow


• Phosphorus and nitrogen influence on dissolved oxygen 
contained in Limnotech Report


• Complexity of Truckee River management


• Truckee River flows depend on discharges from upstream 
reservoirs and users


• 2002 Cottonwood Recruitment Flows


Data Analysis


 


START 


Review Water 


Quality Sample 


Data 


Does the 


sample 


exceed the 


water quality 


standard? 


standard? 


Does the 


water flow fall 


below the 10
th


 


percentile? 


Sample not 


considered an 


exceedance 


Sample is 


considered an 


exceedance 


Sample is not 


considered 


an 


exceedance 


NO YES 


YES NO 


Revised Nutrient Criteria


Ammonia (Pyramid Lake and Truckee River)


Proposed Change: Adopt 2013 USEPA Ambient Water Quality Criteria for freshwater ammonia 
aquatic life.


Justification: Scientific recommendation from the USEPA.


Dissolved Reactive Phosphorus (Truckee River)


Proposed Change: Adopt a numeric water quality standard of from ≤0.05 mg/L to ≤0.022 mg/L.


Justification: State of Nevada equivalent 
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Public Outreach


Meetings
• Introductory Meetings: Tribal Council, Tribal Communities (Wadsworth, 


Nixon, Sutcliffe)
• Public Workshops: Tribal Council, Tribal Communities, Fernley, Washoe 


County, Truckee
• Proposed Changes: Tribal Council, Northern NV Water Planning 


Commission


Public Comment
• May 26 – August 21, 2015
• Comments only accepted on proposed changes


Public Hearing


Nixon, NV - August 6, 2015: Received testimony from public 
at large on proposed changes and recorded for public record


Final Approval of WQS


Tribal Council approved revised standards on    
September 16, 2017, through Tribal Resolution PL 79-15


Submitted to EPA:


• Triennial review presentations


• Minutes from Public Hearing, meetings and workshops


• Public comments/answers on revised draft WQS


• Revised standards/Water Quality Control Plan


• Tribal Resolution 


EPA Final Approval: December 23, 2015
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Lessons Learned


• Public outreach!


• You don’t need to revise all of your 
WQS at once


• Review standards gradually, 
overtime


• Changes in monitoring


• Value of relationship with the State


Questions?


For more info:
Kameron Morgan
Water Quality Manager
Pyramid Lake Paiute Tribe
kmorgan@plpt.nsn.us
plptwq.org
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SMOOTH TO
VISUALIZE
PATTERNS


TRENDS WITH
THE SEASONAL-
KENDALL TEST


Significant Decrease


Significant Increase


No Trend


PETTIT TEST


Change Point 
in 1987
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TRENDS ON
SUBSETS
OF THE


DATA


TRENDS BY
MONTH


Summer Decrease Winter Increase


Autumn Increase Summer Increase
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Species Introductions
Water Diversions


Freshwater
Inflow


Municipal Wastewater Inputs


N Loading


Autumn Salinity


Climate Human


Autumn Salinity


Effect = -5


Effect = +2
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ClimateHuman


Summer Chlorophyll (log) 


Summer Silicate 


Climate Human + Climate


Effect = +38


Effect = -21


Summer Silicate 
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Effect = -5


Effect = +2


Ammonium


Effect = -5


Effect = +2


Climate Human


Effect = -1


Effect = +0.8


Ammonium


Annual 
Variability


Process 1 Process 2 R2


Salinity - Inflow + Export:Inflow 0.84


SPM + Outflow + Upstream SPM 0.67


Secchi Depth - SPM - Outflow 0.90


Chlorophyll-a - Clam Abundance - Outflow 0.80


Nitrate + Nitrite - Outflow - Chlorophyll-a 0.63


Ammonium - Outflow + Wastewater TKN 
Load 0.59


Silicate + Outflow - Chlorophyll-a 0.65


Phosphate - Outflow + Wastewater TP Load 0.73


We can Identify and Rank Importance of Processes 
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Ammonium


Ammonium


•


•


•


•


Salinity Inflow


SPM Outflow


Secchi Depth Outflow


Chlorophyll-a Outflow


Nitrate + Nitrite Outflow


Ammonium Outflow


Silicate Outflow


Phosphate Outflow


Ammonium
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Nonparametric trend tests:


• Greater power (efficiency) of detecting trends in non-normal data


• Seasonal-Kendall removes effects of seasonal variability


• Trend slope is resistant to effects of extreme values
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May 1–3, 2018 


San Francisco, California 
U.S. EPA Region 9 


Advancing the science to support numeric nutrient 
criteria development 
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Western Numeric Nutrient Criteria Workshop
S A N  F R A N C I S C O,  C A L I F O R N I A
U . S .  E PA  R E G I O N  9


WORKSHOP OBJECTIVE 


To increase scientific understanding of numeric nutrient criteria development 
and create state-tribal-EPA partnerships that act on that understanding 


Goals and Activities 


Workshop Goals Workshop Activities 
1. Communicate scientific information to


state regulators that supports state
nutrient criteria/translators
development


1. Deliver scientific content – oral
presentations, case studies, posters


2. Catalyze scientific discussions on
specific issues areas


2. Facilitated discussions between state
regulators and scientists


3. Create action items for future state-
EPA partnerships


3. Structured planning sessions that
lead to action items and work plans
generated by state and EPA staff


Outcomes 
1. Increased individual awareness and understanding of the science


that supports numeric nutrient criteria development.
2. Increased engagement and collaboration among state, tribal, and


EPA water quality scientists and staff.
3. Action items that catalyze future state-tribal-EPA partnerships that


support numeric nutrient criteria development.







Western Numeric Nutrient Criteria Workshop 


Western Numeric Nutrient Criteria Workshopp 


Workshop Steering Committee 
Janice Alers-Garcia, co-chair 
U.S. EPA, Office of Water, Office of Science and Technology 


Rochelle Labiosa, co-chair 
U.S. EPA, Region 10, Office of Water and Wetlands 


Stephen Maurano 
U.S. EPA, Region 9, Water Quality Assessment Section 


Tina Laidlaw 
U.S. EPA, Region 8, Water Quality Unit 


Jacques Oliver, Ph.D. 
U.S. EPA Office of Water, Office of Science and Technology 


Dana Thomas, Ph.D. 
U.S. EPA Office of Water, Office of Science and Technology 
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contributions to this workshop: 


Clair Meehan and Michael Paul, Ph.D., Tetra Tech, Inc., for their efforts 
in providing scientific and logistical support for the workshop. 


U.S. EPA, Region 9, Water Division for hosting the workshop. 


U.S. EPA, Office of Water, Office of Science and Technology for its 
sponsorship. 


All state, tribal, territorial, federal, and academic presenters for 
sharing their experiences and contributing their expert knowledge to 
this workshop.  
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Western Numeric Nutrient 
Criteria Workshop 
May 1–3, 2018 


Agenda 


DAY 1–TUESDAY, MAY 1


12:00–12:25 pm Welcome and Introductory Remarks 
Tomás Torres, Water Division Director—EPA Region 9; Deborah Nagle, 
Director of the Office of Science and Technology—EPA Headquarters; and 
Dana Thomas, Chief of the Ecological and Health Processes Branch—EPA 
Headquarters  


12:25–12:30 pm Agenda Overview and Logistics 
Stephen Maurano, Water Quality Standard Coordinator, Office of Water 
Quality Assessment, EPA Region 9 


12:30–12:50 pm Ice Breaker 


Freshwater: Lakes and Reservoirs 


12:50–4:45 pm Deriving Nutrient Criteria for Lakes/Reservoirs 
This session will focus on sharing EPA, state, and tribal experiences with 
approaches used to derive numeric nutrient criteria for lakes and reservoirs. 


12:50–2:20 pm Using Stressor-Response Relationships to Derive Numeric Nutrient 
Criteria for Lakes and Reservoirs 
Lester Yuan, Ecological and Health and Processes Branch–EPA Headquarters 
(1.5 hours) 


2:20–2:45 pm Open Discussion on Duration and Frequency 
Jacques Oliver, Ecological and Health Processes Branch–EPA Headquarters 
(25 mins) 


2:45–2:55 pm Break 


Meeting Location 
U.S. EPA Region 9 Office 
75 Hawthorn Street 
San Francisco, CA 94105 


Main Floor Conference Center 
California/Arizona/Nevada Rooms 
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Western Numeric Nutrient Criteria Workshop 


2:55–4:15 pm Using Shifts in Phytoplankton Assemblages to Derive Combined 
Nutrient Criteria for Lakes 
Eric Hargett, Wyoming Department of Environmental Quality (30 mins) 


Phosphorus Control in the Oligotrophic Pend Oreille Basin 
Ken Merrill, Kalispel Natural Resource Department (25 mins) 


Lessons Learned in Establishing Numeric Nutrient Criteria on the 
Pyramid Lake Reservation 
Kameron Morgan, Pyramid Lake Natural Resources Department (25 mins) 


4:15–4:45 pm Group Discussion: Next Steps to Advance Nutrient Criteria 
Development for Lakes 
Tina Laidlaw, EPA Region 8 


4:45–5:25 pm Overarching Presentation 


Patterns and Processes of Water–Quality Variability in Upper San 
Francisco Bay 
James Cloern, Unites States Geological Survey (40 mins) 


5:25–5:30 pm Review of Tomorrow’s Schedule 


5:30 pm Networking Event—Baseball Game, San Francisco Giants vs. San 
Diego Padres (Optional) 
Terry Fleming, EPA Region 9 
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Western Numeric Nutrient Criteria Workshop 


DAY 2–WEDNESDAY, MAY 2


Freshwater: Rivers and Streams 


8:00 am–2:15 pm Deriving Numeric Nutrient Criteria or Nutrient Thresholds for Rivers and 
Streams 
This session focuses on the use and application of different ecological and 
biological indicators and other tools to develop numeric nutrient criteria 
for rivers and streams.  


 8:00 am–9:55 am Using Algal Indicators and Other Tools—Panel Discussion on the 
Use of Diatoms to Derive Nutrient Criteria Thresholds 
Jason Pappani, Idaho Department of Environmental Quality; Dustin Bilhimer, 
Washington State Department of Ecology; and Shannon Hubler (via webinar), 
Oregon Department of Environmental Quality (35 mins)  


Reducing Confounding Factors in Stream Data 
Michael Paul, Tetra Tech (30 mins) 


Using Biological Integrity to Support Development of Biostimulatory 
Objectives in California  
Jessie Maxfield, California Environmental Protection Agency (25 mins)  


Exploring Ecological Indicators of Nutrient Pollution in Utah’s 
Headwaters 
Jeff Ostermiller, Utah Department of Environmental Quality (25 mins) 


9:55 am–10:10 am Break 


10:10 am–12:15 pm Researching Algal Indicators of Excess Nutrients in Arizona Streams 
Patti Spindler, Arizona Department of Environmental Quality (25 mins) 


Development of Criteria Protective of Rivers, Streams and 
Downstream—an N-STEPS Data Consultation Exercise 
Hanna Winter, Lummi Natural Resources Department (25 mins) 


Nutrient Monitoring and Concerns on the Colville Indian Reservation 
Bessie Wright, The Confederated Tribes of the Colville Reservation Natural 
Resources (25 mins) 


Computer Modeling Approaches for Deriving Numeric Nutrient 
Criteria for Large Rivers 
Mike Suplee, Montana Department of Environmental Quality (25 mins) 


Nutrient Standards and Treatment as a State 
Gary Colegrove, Hoopa Tribal Environmental Protection Agency (25 mins) 


12:15 pm–1:15 pm Lunch (on your own) 
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Western Numeric Nutrient Criteria Workshop 


1:15 pm–1:45 pm Drivers and Management of Nitrogen for Improving Groundwater 
and Stream Water Quality  
Jana Compton, Office of Research and Development, Western Ecology 
Division (via webinar) (30 mins) 


1:45 pm–2:15 pm Group Discussion: Challenges and Potential Solutions to the 
Development and Adoption of Nutrient Criteria in Rivers and 
Streams 
Stephen Maurano, EPA Region 9  


Putting Numeric Nutrient Criteria and Nutrient Thresholds into Action 


2:15 pm–4:40 pm* 


*and continued on day 3


Putting Numeric Nutrient Criteria and Nutrient Thresholds into Action 
Participants will gain experience on the approaches for combining 
independent lines of evidence and documenting the decision framework 
used to establish the final criteria. In addition, states and tribes will discuss 
the tools used to implement numeric nutrient criteria into their water 
quality standards. 


2:15 pm–4:30 pm Group Exercise—“Transparent and Reproducible: Integrating 
Multiple Lines of Evidence for Nutrient Criteria Derivation”  
Mike Paul, Tetra Tech (2 hours, 15 mins break) 


4:30 pm–4:40 pm Wrap up and Action Items 
Mike Paul, Tetra Tech 


4:40 pm–4:45 pm Review of Tomorrow’s Schedule 


4:45 pm–5:30 pm Scientific Exchange: Poster Presentations & Hands-on Interactive 
Displays 


5:30 pm Networking Event—Ferry Ride and Dinner (Optional) 
Janet Hashimoto, EPA Region 9 
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Western Numeric Nutrient Criteria Workshop 


DAY 3–THURSDAY, MAY 3


Putting Numeric Nutrient Criteria and Nutrient Thresholds into Action (Continued) 


8:00 am–9:15 am Moving from Criteria Adoption to Implementation: Lessons Learned 
to Overcome Challenges and Misperceptions 


The Dixie Drain: A Novel Approach to Nutrient Reductions in the 
Boise River in Idaho 
Kati Carberry, Idaho Department of Environmental Quality (via webinar) (25 
mins) 


Science-based Numeric Nutrient Criteria can be Hard to Meet: The 
Approaches and Challenges to Implementing them in a State Water 
Quality Program   
Mike Suplee, Montana Department of Environmental Quality (25 mins) 


Investigating Highest Attainable Condition: Tools for the Rapid 
Evaluation of Landscape Constraints on Stream Biological Integrity 
Raphael Mazor, Southern California Coastal Water Research Project  
(25 mins) 


9:15 am–9:35 am Group Discussion: Lessons Learned and Challenges in Moving from 
Criteria Adoption to Implementation 
Tina Laidlaw, EPA Region 8 


9:35 am–9:45 am Break 


Marine: Estuaries and Coastal Waters 


9:45 am–2:45 pm Deriving Numeric Nutrient Criteria or Nutrient Thresholds for Estuaries, 
Including Downstream Protection:  
This session will focus on sharing EPA, state, and tribal experiences with 
approaches used to derive numeric nutrient criteria for estuaries. 


9:45 am–11:40 am Exploring Climate Impacts on Inland and Coastal Eutrophication 
Anna Michalak, Carnegie Institution for Science (30 mins) 


Contributions to the Nutrient Toolbox:  Identifying Drivers, Nutrient 
Sources, and Attribution of Exceedances  
Cheryl Brown, Office of Research and Development (EPA’s National Health 
and Environmental Effects Research Lab) (30 mins) 


Puget Sound Nutrient Dynamics and Source Reduction Project 
Dustin Bilhimer, Washington State Department of Ecology (30 mins) 


Numeric Nutrient Criteria in Hawaii: Development and Challenges 
Lauren Cruz, Hawaii State Department of Health (25 mins)  
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11:40 am–11:50 am Break 


11:50 am–1:20 pm Working Lunch 


Emerging HABs, HABs Toxicity and HABs Fluxes Linked to 
Anthropogenic Sources  
Raphael Kudela, University of California Santa Cruz (via webinar) (30 mins) 


San Francisco Estuary Efforts to Reduce Nutrient Pollution 
David Senn, San Francisco Estuary Institute (30 mins) 


Nutrient Impact Assessments of POTW Ocean Outfalls Along the 
California Coast  
Martha Sutula, Southern California Coastal Water Research Project (30 mins) 


1:20 pm–1:30 pm Break 


1:30 pm–2:15 pm Panel and Interactive Group Discussion 


Use and Applicability of Nutrient Models and Other Tools to 
Address Nutrient Pollution 
All speakers from the Estuarine and Coastal Waters session 


Open Discussion on Technological Needs 
Rochelle Labiosa, EPA Region 10 


2:15 pm–2:45 pm Workshop Wrap Up: Feedback and Next Steps 
Janice Alers-Garcia, EPA Headquarters 


2:45 pm Adjourn 
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ATTENDEES AND WEBINAR PARTICIPANTS


Janice Alers-Garcia 
Headquarters Numeric Nutrient Criteria Liaison for 
Regions 2 and 8 
U.S. EPA Office of Water/Office of Science and 
Technology/Ecological and Health Protection 
Branch 
(202)566-0756; alers-garcia.janice@epa.gov


Amber Bethe 
Environmental Program Specialist 
Alaska Department of Environmental 
Conservation 
(907)269-7955; amber.bethe@alaska.gov


Dustin Bilhimer 
Project Manager for the Puget Sound Nutrient 
Source Reduction Project 
Washington State Department of Ecology 
(360)407-6128; dustin.bilhimer@ecy.wa.gov


Matt Bolt 
Region 9 WQS AZ DEQ Liaison 
U.S. EPA Region 9, Water Division 
(415)972-3578; bolt.matthew@epa.gov


Geneva Brion 
Water Quality Scientist 
Colorado Department of Health an Environment 
(303)692-3532; geneva.brion@state.co.us


Cheryl Brown 
Research Oceanographer 
U.S. EPA Office of Research and Development, 
National Health and Environmental Effects 
Research Lab, Western Ecology Division 
(541)867-4042; brown.cheryl@epa.gov


Chad Brown 
Water Quality Standards Unit Supervisor 
Washington State Department of Ecology 
(360)407-6128; chad.brown@ecy.wa.gov


Kati Carberry 
Watershed Coordinator 
Idaho Department of Environmental Quality-
Boise Regional Office 
(208)373-0550; kati.carberry@deq.idaho.gov


Emily Cira 
2018 Knauss Fellow at the Ecological and Health 
Processes Branch 
U.S. EPA Office of Water/Office of Science and 
Technology/Ecological and Health Protection 
Branch 
(202)566-2376; cira.emily@epa.gov


James Cloern 
Senior Research Scientist 
U.S. Geological Survey 
(650)329-4594; jecloern@usgs.gov


Gary Colegrove 
Environmental Planner 
Hoopa Tribal Environmental Protection Agency 
(530)625-5515; snunty@netzero.net


Paul Comba 
Chief of the Bureau of Water Quality Planning 
Nevada Division of Environmental Protection 
(775)687-9455; pcomba@ndep.nv.gov


Jana Compton 
Ecologist specializing in Biochemisry 
U.S. EPA Office of Research and Development, 
National Health and Environmental Effects 
Research Lab, Western Ecology Division 
(541)754-4620; compton.jana@epa.gov


Lauren Cruz 
Environmental Health Specialist 
Hawaii State Department of Health 
(808)586-4609; lauren.cruz@doh.hawaii.gov


Jesse Cruz 
Administrator Environmental Monitoring and 
Analytical Services Division 
Guam Environmental protection Agency 
(671)300-4795; jesse.cruz@epa.guam.gov


Greg Currey 
Senior Engineer 
Tetra Tech 
(703)385-1303; greg.currey@tetratech.com
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Iffey Davis 
Headquarters Numeric Nutrient Criteria Liaison for 
Region 10 
U.S. EPA Office of Water/Office of Science and 
Technology/Ecological and Health Protection 
Branch 
(202)566-1096; davis.ifeyinwa@epa.gov


Naomi Detenbeck 
Ecologist 
U.S. EPA Office of Research and Development, 
National Health and Environmental Effects 
Research Lab, Atlantic Ecology Division 
(401)782-3162; detenbeck.naomi@epa.gov


Denise Elston 
Environmental Program Specialist 
Alaska Department of Environmental 
Conservation 
(907)465-5018; denise.elson@alaska.gov


Victoria Fano 
Acting Water Quality Chief 
American Samoa Environmental Protection 
Agency 
(684)633-2304 ext. 235;
victoria.fano@epa.as.gov


Susan Fitch 
Hydrologist 
Arizona Department of Environmental Quality 
(602)771-4541; fitch.susan@azdeq.gov


Rebecca Fitzgerald 
Water Quality Standards and Assessment Section 
Chief 
California State Water Resources Control Board 
(916)341-5775;
rebecca.fitzgerald@waterboards.ca.gov


Diane Fleck 
Region 9 WQS CA SF Bay Regional Board Liaison 
U.S. EPA Region 9, Water Division 
(415)972-3527; fleck.diane@epa.gov


Terry Fleming 
Region 9 WQS CA State Water Board Liaison 
U.S. EPA Region 9, Water Division 
(214)665-3186; fleming.terrence@epa.gov


Erica Gaddis 
Director of the Division of Water Quality 
Utah Department of Environmental Quality 
(801)536-4312; egaddis@utah.gov


Cindi Grafe 
Region 10 Drinking Water HABs Lead 
U.S. EPA Region 10-Idaho Operations Office 
(208)378-5771; grafe.cyndi@epa.gov


Lindsay Guzzo 
Water Quality Standards Specialist 
U.S. EPA Region 10 
(206)553-0268; guzzo.lindsay@epa.gov


Scot Hagerthey 
Deputy Division Director & Sr. Science Advisor for 
Ecology 
U.S. EPA Office of Research and Development, 
National Center for Environmental Assessment 
(202)564-5553; hagerthey.scot@epa.gov


Jim Hagy 
Research Ecologist 
U.S. EPA Office of Research and Development, 
National Health and Environmental Effects 
Research Lab, Gulf Ecology Division 
(850)266-3098; hagy.jim@epa.gov


Robert Hall 
Region 9 WQS Tribal Monitoring and Assessment 
U.S. EPA Region 9, Water Division 
(415)947-4123; hall.robertk@epa.gov


Eric Hargett 
Watershed Protection Monitoring Program 
Principal 
Wyoming Department of Environmental Quality 
(307)777-6701; eric.hargett@wyo.gov


Ashley Harper 
Environmental Protection Specialist 
U.S. EPA Office of Water/Office of Science and 
Technology/Health and Ecological Criteria 
Division 
(202)566-0532; harper.ashley@epa.gov


Jim Harris 
Assistant Director of the Watershed, Monitoring & 
Water Quality Branch 
Utah Department of Environmental Quality 
(801)536-4360; jamesharris@utah.gov


Janet Hashimoto 
Region 9 Water Quality Assessment Section Chief 
U.S. EPA Region 9, Water Division 
(415)972-3452; hashimoto.janet@epa.gov
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Alan Henning 
Environmental Protection Specialist 
U.S. EPA Region 10-Eugene Oregon 
(541)687-7360; henning.alan@epa.gov


John Hochheimer 
Vice President 
Tetra Tech 
(703)385-1696; john.hochheimer@tetratech.com


Ben Holcomb 
Coordinator of Biological Assessment and Harmful 
Algal Blooms Program 
Utah Division of Water Quality 
(801)536-4373; bholcomb@utah.gov


Shannon Hubler 
Aquatic Ecologist 
Oregon Department of Environmental Quality 
(503)693-5728; hubler.shannon@deq.state.or.us


Amanda Jensen 
Surface Water Scientist 
Colorado Department of Health and Environment 
(303)692-3525; amanda.jensen@state.co.us


Benjamin Keularts 
Environmental Program Manager, WPC/WQM 
Department of Planning and Natural Resources 
U.S. Virgin Islands 
(340)773-1082; benjamin.keularts@dpnr.vi.gov


Susan Keydel 
Region 9, CA Nonpoint Source Program 
Coordinator, 319 Project Officer and Harmful 
Algal Blooms Coordinator 
U.S. EPA Region 9, Water Division 
(619)321-1961; keydel.susan@epa.gov


Tom Konner 
Environmental Engineer, Water Division 
Infrastructure Section 
U.S. EPA Region 9, Water Division 
(415)972-3408; konner.thomas@epa.gov


Raphael Kudela 
Professor, Ocean Sciences Department 
University of California Santa Cruz 
(831)459-3290; kudela@ucsc.edu


Rochelle Labiosa 
Region 10 Nutrient Coordinator and HABs Lead 
for the Water Quality Standards Program 
U.S. EPA Region 10, Office of Water and 
Wetlands 
(206)553-1172; labiosa.rochelle@epa.gov


Tina Laidlaw 
Region 8 Nutrient Coordinator 
U.S. EPA Region 8, Water Quality Unit 
(406)457-5016; laidlaw.tina@epa.gov


Colin Larrick 
Water Quality Specialist 
Ute Mountain Ute Environmental Programs 
Department 
(970)564-5437; clarrick@utemountain.org


Chad Larson 
Ambient Biological Monitoring Lead 
Washington State Department of Ecology 
(360)407-7456; chad.larson@ecy.wa.gov


Kevin Lunde 
Senior Environmental Scientist 
California San Francisco Bay Regional Water 
Quality Control Board 
(510)622-2431;
kevin.lunde@waterboards.ca.gov


Jamie Marincola 
Region 9 NPDES; CA Workgroup Co-Lead 
U.S. EPA Region 9, Water Division 
(415)972-3520; marincola.jamespaul@epa.gov


Stephen Maurano 
Region 9 WQS Central Valley Regional Board 
Liaison 
U.S. EPA Region 9, Water Division 
(415)972-3477; maurano.stephen@epa.gov


Jessie Maxfield 
Environmental Scientist 
California State Water Resources Control Board 
(916)341-5484;
jessie.maxfield@waterboards.ca.gov


Raphael Mazor 
Senior Scientist 
Southern California Coastal Water Research 
Project 
(714)755-3235; raphaelm@sccwrp.org
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Clair Meehan 
Environmental Scientist 
Tetra Tech 
(508)734-5513; clair.meehan@tetratech.com


Ken Merrill 
Water Resources Project Manager 
Kalispel Tribe of Indians Water Resources 
Program 
(509)447-7276/(509)209-0069;
kmerrill@kalispeltribe.com


Anna Michalak 
Faculty Member, Department of Global Ecology 
Carnegie Institution for Science 
(650)739-4245; michalak@carnegiescience.edu


Kameron Morgan 
Water Quality Manager 
Pyramid Lake Natural Resources Department 
(775)574-0101 ext. 13; kmorgan@plpt.nsn.us


Deborah Nagle 
Director of the Office of Science and Technology 
U.S. EPA Office of Water/Office of Science and 
Technology 
(202)564-1185; nagle.deborah@epa.gov


Jacques Oliver 
Headquarters Numeric Nutrient Criteria Liaison for 
Region 3 & N-STEPS Coordinator 
U.S. EPA Office of Water/Office of Science and 
Technology/Ecological and Health Protection 
Branch 
(202)566-0630; oliver.jacques@epa.gov


Jeff Ostermiller 
Environmental Scientist on the Standards and 
Technical Services Section 
Utah Department of Environmental Quality 
(801)536-4370; jostermiller@utah.gov


Dean Palacios 
Laboratory Manager 
Commonwealth of the Northern Mariana Islands 
Bureau of Environment and Coastal Quality 
(670)664-8500; deanpalacios@becq.gov.mp


Jason Pappani 
Water Quality Standards Lead 
Idaho Department of Environmental Quality 
(208)373-0515; jason.pappani@deq.idaho.gov


Lindsay Patterson 
Watershed Protection Surface Water Quality 
Standards Coordinator 
Wyoming Department of Environmental Quality 
(307)777-7079; lindsay.patterson@wyo.gov


Mike Paul 
Senior Scientist 
Tetra Tech 
(919)485-2073; michael.paul@tetratech.com


Brian Reese 
Water Quality Analyst 
Idaho Department of Environmental Quality 
(202)373-0570; brian.reese@deq.idaho.gov


Elizabeth Sablad 
Region 9 NPDES; AZ Workgroup Lead 
U.S. EPA Region 9, Water Division 
(415)972-3044; sablad.elizabeth@epa.gov


Dana Sabota 
Water Quality Analyst 
Oregon Department of Environmental Quality 
(503)229-5138; sobota.daniel@deq.state.or.us


Suesan Saucerman 
Region 9 WQS CA North and Central Coast 
Regional Board Liaison 
U.S. EPA Region 9, Water Division 
(415)972-3522; saucerman.suesan@epa.gov


Ben Scofield 
Natural Resource Specialist 
Coeur d'Alene Tribe's Natural Resources 
Department 
(208)686-6206; bscofield@cdatribe-nsn.gov


Mario Sengco 
Headquarters Water Quality Standards Liaison for 
Region 8 
U.S. EPA Office of Water/Office of Science and 
Technology/Standards and Health Protection 
Division 
(202)566-2676; sengco.mario@epa.gov


Dave Senn 
Senior Scientist 
San Francisco Estuary Institute 
(510)746-7366; davids@sfei.org
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Dave Smith 
Region 9 NPDES Permits Section Chief 
U.S. EPA Region 9, Water Division 
(415)972-3464; smith.davidw@epa.gov


Patti Spindler 
Aquatic Ecologist 
Arizona Department of Environmental Quality 
(602)771-4543; spindler.patti@azdeq.gov


Mike Suplee 
Water Quality Science Specialist 
Montana Department of Environmental Quality 
(406)444-0831; msuplee@mt.gov


Colleen Suter 
Water Quality Lab Manager and Technician 
Confederated Tribes of the Chehalis Reservation 
Department of Natural Resources, Water Quality 
Laboratory 
(360)709-1859; csuter@chehalistribe.org


Martha Sutula 
Principal Scientist, Biogeochemistry Head 
Southern California Coastal Water Research 
Project 
(714)755-3222; marthas@sccwrp.org


Brock Tabor 
Water Quality Standards Section Manager 
Alaska Department of Environmental 
Conservation 
(907)465-5185; brock.tabor@alaska.gov


Nicole Tachiki 
Region 9 WQS Pacific Islands and CA LA 
Regional Board Liaison 
U.S. EPA Region 9, Water Division 
(415)972-3161; tachiki.nicole@epa.gov


Candon Tanaka 
Water Quality Specialist 
Shoshone Bannock Tribe Water Resources 
Department 
(208)239-4582;
ctanaka@shoshonebannocktribes.com


Dana Thomas 
Chief, Ecological and Health Protection Branch 
U.S. EPA Office of Water/Office of Science and 
Technology/Ecological and Health Protection 
Branch 
(202)566-1046; thomas.dana@epa.gov


Tomás Torres 
Region 9 Water Division Director 
U.S. EPA Region 9, Water Division 
(415)972-3337; torres.tomas@epa.gov


Maja Tritt 
Water Quality Standards Coordinator 
U.S. EPA Region 10 
(206)553-6265; tritt.maja@epa.gov


Jewel Tuiasosopo 
Techical Services Division Manager 
American Samoa Environmental Protection 
Agency 
(684)633-2304 ext. 268;
jewel.tuiasosopo@epa.as.gov


Brannon Walsh 
Headquarters Numeric Nutrient Criteria Liaison for 
Regions 5 and 9 
U.S. EPA Office of Water/Office of Science and 
Technology/Ecological and Health Protection 
Branch 
(202)566-1118; walsh.brannon@epa.gov


Lori Webber 
Surface Water Quality Assessment Unit Senior 
California State Water Resources Control Board 
(916)341-5556;
lori.webber@waterboards.ca.gov


Amelia Whitson 
Region 9 NPDES Pretreatment Coordinator 
U.S. EPA Region 9, Water Division 
(415)972-3216; whitson.amelia@epa.gov


Ian Wigger 
Water Quality Analyst 
Idaho Department of Environmental Quality 
(208)373-0147; ian.wigger@deq.idaho.gov


Stephanie Wilson 
Region 9 WQS Coordinator for Nevada and 
Environmental Protection Specialist with the Tribal 
Water Section 
EPA Region 9-Carson City Nevada Office 
(775)885-6190; wilson.stephanie@epa.gov


Hanna Winter 
Water Resources Specialist 
Lummi Nation Natural Resources Department 
(360)312-2312; hannaw@lummi-nsn.gov
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Izabela Wojtenko 
Region 2 Nutrient Coordinator and Regional 
Water Quality Standards Coordinator for Puertro 
Rico and the U.S. Virgin Islands 
U.S. EPA Region 2 
(212)637-3814; wojtenko.izabela@epa.gov


Elizabeth (Bessie) Wright 
Watershed Specialist 
Confederated Tribes of the Colville Reservation 
(509)634-2414;
elizabeth.wright@colvilletribes.com


Megan Young 
Research Hydrologist 
U.S. Geological Survey 
(650)329-4544; mbyoung@usgs.gov


Lester Yuan 
Headquarters Numeric Nutrient Criteria Liaison for 
Region 7 
U.S. EPA Office of Water/Office of Science and 
Technology/Ecological and Health Protection 
Branch 
(202)566-0908; yuan.lester@epa.gov
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Western Numeric Nutrient Workshop—Poster Session 
Comprehensive Status and Trends of Nitrogen Loads to Estuaries of the Conterminous United States 
The authors applied regional SPARROW (SPAtially Referenced Regressions On Watershed attributes) models to 
estimate status and trends of potential nitrogen loads to estuaries of the conterminous United States. The original 
Regional SPARROW models predict average detrended loads by source based on average flow conditions and 2002 
source terms. The authors developed time series for nitrogen sources (1987–2016) and for landscape features 
affecting land-to-water delivery ratios to enable an evaluation of recent trends in potential loads, factoring in both 
regional variation in land-to-water delivery ratios and instream- and reservoir attenuation between source and river 
mouth. Dominant sources (median %) varied among marine ecosystems along the Pacific coasts, with agricultural 
sources dominating for Puget Trough estuaries, natural biological N-fixation from alders dominating in the 
Oregon/Washington/Vancouver systems, forests dominating in N California systems, and urban runoff dominating for 
S California Bight systems. For estuaries in most marine ecoregions, delivered N loads from atmospheric deposition 
declined between 2000 and 2012, with the lowest median 2012/2000 ratio (0.60) observed for Floridian ecoregion 
estuaries. Delivered loads from atmospheric deposition declined for most estuaries in all marine ecoregions except the 
Oregon/Washington/Vancouver marine ecoregion, in which direct deposition increased for 49 systems and delivered 
loads from deposition to watersheds increased for 19 systems. Interannual variability also was greater for Gulf and 
West Coast models, which relied only on adjusted NADP inputs, as compared to the East Coast models, which used 
CMAQ inputs. Delivered loads and information on factors influencing estuarine nutrient sensitivity will be delivered in 
an updated spreadsheet model based on the tidal prism model developed by Abdelrhman (2007). 
Authors: N.E. Detenbeck, M. You, and D. Torre; Contact: Naomi Detenbeck, U.S. EPA Atlantic Ecology Division, P: 401-
782-3162, E: detenbeck.naomi@epa.gov


Cyanobacteria Assessment Network (CyAN) 
The CyAN project supports environmental management and public use of U.S. lakes and reservoirs by providing the 
capability to detect and quantify algal blooms and related water quality using satellite data records. Data is distributed 
via a mobile Android application which allows users to access satellite data in near real-time. The mobile application is 
in beta testing phase for any state regulatory agency or health department – contact project leads for more 
information. 
Project leads: B. Schaeffer, J. Werdell, R. Stumpf, K. Loftin; URL: https://www.epa.gov/water-research/cyanobacteria-
assessment-network-cyan; Contact: CyAN@epa.gov.  


Harnessing Literature-based Evidence to Support Nutrient Criteria Development in Rivers and 
Streams:  Applying Systematic Review 
Complex relationships among stressors and biological responses in streams, and the presence of confounding 
variables in field data, make it difficult to identify concentrations at which nutrient increases cause undesirable 
ecosystem changes. A compilation and synthesis of nutrient stressor-biological response relationships from published 
literature provides a rigorous and scientifically-defensible resource to states and U.S. EPA as they develop and 
evaluate nutrient criteria. This project uses innovative systematic review protocols to develop a comprehensive 
database of ecological responses to nutrients for key indicators.  
Authors: M. Bennett, K. Schofield, S. Lee, S. Norton, C. Ridley, D. Gibbs, and S. Hagerthey; Contact: Micah Bennett, 
National Center for Environmental Assessment, Office of Research and Development, P: 202-564-7824, E: 
bennett.micah@epa.gov 


N-STEPS Online
N-STEPS Online provides a web-based resource to support numeric nutrient criteria development, including
synthesized information from EPA guidance documents, recent research, case studies, and resource libraries. N-STEPS
Online is built upon user feedback and will continue to engage users through exploratory discussions, interviews, focus
groups, and webinars.
Contact: Brannon Walsh, U.S. EPA Office of Water, P: 202-566-1118, E: walsh.brannon@epa.gov; URL:
http://nstepsonline.wpengine.com/


New Mexico:  Implementing Narrative Nutrient Criteria 
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New Mexico has developed numeric nutrient thresholds to interpret its narrative nutrient criterion. In some cases, 
numeric nutrient thresholds necessary to protect water quality have resulted in or would result in NPDES effluent 
limits that are not economically or technologically achievable for many permittees. Due to the potential stringency of 
effluent limits based on the nutrient thresholds, New Mexico is considering temporary standards for specific 
dischargers. A temporary standard creates a clear path to compliance that is achievable and affordable in the near-
term and encourages incremental improvements to water quality in the medium and longer-term.  
Contacts: Shelly Lemon, New Mexico Environment Department, P: 505-827-2819, E: shelly.lemon@state.nm.us; 
Forrest John, U.S. EPA Region 6, P: 214-665-8368, E: john.forrest@epa.gov; Jennifer Brundage, U.S. EPA Office of Water, 
P: 202-566-1265, E: brundage.jennifer@epa.gov; Jacques Oliver, U.S. EPA Office of Water, P: 202-566-0630, E: 
oliver.jacques@epa.gov  


Numeric Nutrient Criteria Webinar Series 
The Numeric Nutrient Criteria Webinar Series aims to highlight and share innovative approaches and methods in the 
development and implementation of criteria and is targeted towards EPA, federal, state, and tribal nutrient 
coordinators. In 2017, EPA held five webinars on technical nutrient topics, with over 350 attendees participating from 
32 states, 5 tribes, 8 universities, every EPA region, EPA headquarters, and other federal agencies.  
Contact: Galen Kaufman, U.S. EPA Office of Water, P: 202-566-1971, E: kaufman.galen@epa.gov 


Quantifying Periphyton Community Responses to Nutrients in a Southeast Coastal Plain Watershed 
Using a Molecular Approach 
The goals of this study were to expand and improve the nutrient specificity of periphyton indicators using a molecular 
approach based on analysis of 16S and 18S ribosomal RNA gene sequences. To provide information to help establish 
numeric nutrient criteria using periphyton, this study examines nutrient responses by deploying nutrient-diffusing 
substrate experiments in two southeastern streams spanning a range of anthropogenic effects resulting from 
agricultural land-use in the catchment. Analysis identified a variety of groups that could be used in nutrient indicators.  
Ongoing quantitative analysis of the data is being pursued to develop a useful, generalized and transferable 
molecular-based nutrient indicator.  
Authors: J.D. Hagy III, R. Devereux, S.D. Friedman, D.L. Beddick, Jr., and K.A. Houghton; Contact: Jim Hagy, U.S. EPA 
National Health and Environmental Effects Research Laboratory, P: 850-266-3098, E: hagy.jim@epa.gov 


Recent Relevant White Papers from N-STEPS: Algal Indicators and User Perception Surveys to Protect 
Water Quality from Nutrient Pollution 
EPA has developed a number of white papers relevant to nutrient criteria development. Algal Indicators in Streams: A 
Review of Their Application in Water Quality Management of Nutrient Pollution summarizes the application of algae as 
indicators of nutrient pollution in water quality management. The forthcoming Development of User Perception 
Surveys to Protect Water Quality from Nutrient Pollution: A Primer on Common Practices and Insights offers 
information that can be used to develop user perception surveys and incorporate that information into numeric 
nutrient criteria development.  
Contacts: Brannon Walsh, U.S. EPA Office of Water, P: 202-566-1118, E: walsh.brannon@epa.gov; and Galen Kaufman 
U.S. EPA Office of Water, P: 202-566-1971, E: kaufman.galen@epa.gov 


Scientific Support for Dual Nutrient Control 
Summary: Excess nitrogen and phosphorus in waterways is a major source of nutrient pollution and water quality 
degradation, which warrants development of nutrient criteria to prevent eutrophication and harmful algal blooms. 
Traditional methods of nutrient control focus on a single limiting nutrient. However, there is significant scientific 
evidence that supports the need for numeric nutrient criteria for both nitrogen and phosphorus. 
Contact: Brannon Walsh, U.S. EPA Office of Water, P: 202-566-1118, E: Walsh.Brannon@epa.gov 
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LOGISTICS AND DIRECTIONS 


Workshop Location 
EPA Region 9 Office 
75 Hawthorne Street 
San Francisco, CA 94105 


EPA Security 
Please plan to arrive at the building at least 
20 minutes prior to the start of the meeting 
each day. This will help with the security 
process, which is similar to airport level 
screening with an x-ray machine and 
magnetometer. We recommend you do not 
bring your luggage to the meeting. Weapons, 
explosives, incendiary devices, and illicit 
drugs are prohibited. Visitors occasionally 
forget that they are carrying items such as 
alcohol, pepper spray, or pocket knives, 
which will not be allowed in the building. 
Please bring your valid, non-expired, driver’s 
license or Federal PIV smart card. 


Schedule 
The schedule for the three days is as follows: 


• Day 1 the workshop will begin at noon.
• Day 2 the workshop will begin at 8:00am


and conclude at 5:30pm.
• Day 3 the workshop will begin at 8:00am


and conclude at 2:45pm.


Hotel Information 
Kimpton Sir Francis Drake Hotel 
A block of rooms has been reserved at the 
Kimpton Sir Francis Drake Hotel, located at 450 
Powell Street, San Francisco, CA 94102. To 
receive the group rate of $260 per night (plus 
tax), please reference group name “EPA 
Nutrient Workshop” when making room 
reservations. Please note that our group rate is 
less than the Federal per diem rate ($276). 


Check-in: 3:00 pm/Check-out: 12:00 pm 


Hotel Amenities 
All guests will enjoy: 


• Complimentary use of the Business
Center


• Complimentary wine hour every evening
and morning coffee/tea service


• In-room Yoga mats
• Complimentary use of Bicycles
• Complimentary Newspapers
• Fitness Center privileges


Members of the Kimpton Karma rewards 
program (free to join) will receive 
complimentary internet access. 


Transportation & Parking 
Public Transportation to the Hotel 
The Kimpton Sir Francis Drake Hotel is 0.3 mile 
(7 minute walk) from the Powell Street stop of 
the Bay Area Rapid Transit (BART). For more 
information visit https://www.bart.gov/. 


From the Oakland International Airport (OAK) 
Take the bus from the Airport to the Coliseum 
which runs every 6 minutes. Transfer to either 
the blue or green line toward Daly City. Exit at 
the Powell Street stop. Head north on Powell 
Street for 0.3 mile (7 minute walk). The hotel 
will be on your right. The total cost is 
approximately $10.20. 


From the San Francisco International Airport 
(SFO) 
Take the yellow line on the BART towards 
Pittsburg/Bay Point. Exit at the Powell Street 
stop. Head north on Powell Street for 0.3 mile 
(7 minute walk). The hotel will be on your right. 
The total cost is approximately $8.95. 
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Taxi to the Hotel 
One-way taxi rides fare to the hotel cost 
approximately $60.00 from SFO and $75.00 
from OAK. 


Other Transportation Options 
Uber ride sharing operates out of SFO and OAK 
airports. If you are interested in using Uber, 
download the app before you arrive and set up 
an account. The estimated fare to the hotel is 
$35.00. 


Hotel Parking 
The Kimpton Sir Francis Drake offers overnight 
valet parking for a fee of $59 plus tax. The fee 
for oversized vehicles is $64 plus tax. 


Questions? 
For more information about the workshop, 
contact Janice Alers-Garcia, USEPA, at 
202.566.0756 or alers-garcia.janice@epa.gov. 


For additional information about logistics, 
please contact EPA’s contractor, Clair Meehan, 
Tetra Tech, at 508.734.5513 or 
clair.meehan@tetratech.com. 


Directions between Sir Francis 
Drake Hotel & EPA Region 9 
On Foot 
It is 0.8 mile (17 minute walk) between the 
hotel and the EPA building. See map below. 


Taxi between Hotel and EPA 
Taxi fare between the hotel and the EPA 
building is approximately $8.00.  


Hotel Area Map 
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Western Numeric Nutrient Criteria Workshop 


RESTAURANT LIST 
Lunch & Coffee near EPA Region 9 Office 
The Fair Trade Café  
75 Hawthorne St (<0.1 mile) 
7 AM-3 PM ($) 
In-building café that serves snacks, beverages 
(including Peets coffee), sandwiches, etc. 


Specialty’s Café & Bakery 
680 Folsom St (0.2 mile) 
6 AM-7 PM ($) 
Weekday-only counter-serve chain cafe serving 
baked goods & light breakfast/lunch fare. 


Lee’s Deli 
303 2nd St (0.2 mile) 
6:30 AM-4 PM ($) 
Deli serving breakfast, sandwiches, burgers, 
soups & some Asian fare, with hot-food & salad 
bars. 


Proper Food 
235 2nd St (0.2 mile) 
7 AM-5 PM ($$) 
Grab and go eco-chic deli options. 


Eden Plaza Café  
600 Harrison St #120 (0.2 mile) 
6 AM-3PM ($) 
Family-owned, weekday-only cafe with 
breakfast & lunch fare such as bagels, 
sandwiches & burritos. 


Fang 
660 Howard St (0.1 mile) 
11 AM-9:30 PM ($$) 
Trendy spot offering modern twists on Chinese 
staples in an upscale, Asian-influenced setting. 


Fearless Coffee 
303 2nd St (0.2 mile) 
7 AM-6 PM ($) 
Bright, contemporary eatery serving breakfast, 
salads and sandwiches made from organic 
ingredients. 


Osha Thai 
257 3rd St (0.2 mile) 
11 AM-3 PM; 5-10PM ($) 
Curries & other Thai classics are offered at this 
chic, contemporary local chain outpost. 


The Flytrap 
606 Folsom St (0.2 mile) 
3 -10 PM ($) 
Californian-Mediterranean food is served in a 
red-hued, Persian-style dining space with a bar. 


Sue’s Kitchen Deco Sushi and Matcha 
Sweets 
303 2nd St (0.1 mile) 
11:30 AM-2 PM($$) 
Comfort food – Quick Bite - Hip 


Lao Table  
149 2nd St (0.2 mile) 
11 AM-3PM; 5-10PM ($$) 
Upscale chain restaurant serving cocktails & 
modern riffs on Thai classics in a stylish setting. 


The Bird 
115 New Montgomery St (0.2 mile) 
7:30 AM-9 PM ($) 


Buzzy counter-serve spot for chicken 
sandwiches, fries, wings and beer served in 
spare, modern digs. 
Ayola 
118 New Montgomery St (0.2 mile) 
10 AM-8 PM ($) 
Cozy and Casual lunchtime spot cooking up 
Greek staples like gyros plus Middle Eastern 
food. 
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Café du Soleil 
345 3rd St (0.2 mile) 
10 AM-4 PM ($$) 
Charming, European-inspired café with French 
sandwiches and salads, espresso drinks and all-
day brunch. 


Chaat Corner 
320 3rd St (0.1 mile) 
11 AM-11 PM ($$) 
Casual place with booths and tables serving a 
range of savory Indian bites as well as non-
finger food. 


Equator Coffees and Tea 
222 2nd St (0.2 mile) 
7 AM-6PM ($) 
Hip local coffeehouse chain serving single-origin 
coffee, tea, and light eats. 


Rooster and Rice 
303 2nd St (0.2 mile) 
11 AM-8 PM ($) 
Tiny counter-service café with outdoor seats 
serving takeaway Thai chicken rice. 


Garajito 
257 3rd St (0.2 mile) 
7:30 AM-4 PM ($) 
Petite daytime stop for tacos, salads and 
Mexican snacks served in simple digs with 
vintage accents. 


The Roastery 
199 New Montgomery St (0.1 mile) 
6 AM-6PM ($) 
A breakfast spot with coffee, pastries, and 
breakfast items. 


Jamba Juice 
74 New Montgomery St (0.3 mile) 


6:30 AM-7PM ($) 
Straightforward counter-serve chain for 
smoothies, juices & health-focused light bites. 


illy Caffè 
90 New Montgomery St (0.3 mile) 
7 AM-6PM ($) 
Modern cafe serving Italian coffee, pastries & 
light fare beneath an espresso-cup chandelier. 


Café Madeleine 
149 New Montgomery St (0.2 mile) 
7 AM-5:30PM ($) 
Counter-service cafe & catering company serves 
muffins, pastries, sandwiches, custom cakes & 
more. 
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Breakfast and Dinner Locations near the Kimpton Sir Francis Drake Hotel 
Scala Bistro 
432 Powell St (<0.1 mile) 
7 AM-10 PM ($$$) 
Contemporary hotel bistro offering seasonal 
Italian and French fare and wines amid dark 
wood and murals. 


Bancarella 
350 Powell St (<0.1 mile) 
7 AM-7 PM ($$) 
Posh café offering pastries, coffee wine, beer 
and chocolate plus outdoor-only seating. 


Sears Fine Food 
439 Powell St (<0.1 mile) 
6:30 AM-9:30 PM ($$) 
Local institution serving Swedish pancakes and 
classic diner standards amid nostalgic 
surroundings. 


Morton’s the Steakhouse 
400 Post St (<0.1 mile) 
4-11 PM ($$$)
Upscale chain for aged prime beef, seafood, and
other traditional steakhouse fare in a clubby
space.


Hogwash 
582 Sutter St (<0.1 mile) 
11 AM-10 PM ($$) 
Tavern offering 30 craft beer taps, mostly 
Californian, plus sausages and more in a sleek 
setting. 


Last Drop Tavern 
550 Powell St (<0.1 mile) 
12 PM-2 AM ($$) 
Sangria and salsa are served amid Mexican-
themed décor while nightly karaoke adds to the 
festivities. 


Café la Taza 
470 Post St (0.1 mile) 
6:30 AM-8 PM ($) 
Counter-service spot offering a wide range of 
café fare for breakfast through early dinner. 


Akiko’s Sushi Bar 
542 A Mason St (0.1 mile) 
5-10 PM ($$$)
Small Japanese eatery offering sushi plus some
hot dishes such as udon and teriyaki.


Jean d’Arc 
715 Bush St (0.1 mile) 
5:30-9:30 PM ($$) 
Classic French fare served in a charming, 
romantic venue in the basement of the Hotel 
Cornell. 


Bouche 
603 Bush St (0.2 mile) 
5:30 PM-12 AM ($$$) 
Cool, intimate restaurant for small plates of 
seasonal Californian-French fare, plus unique 
wines. 


Taqueria Mana 
439 Stockton St (0.2 mile) 
9 AM-8 PM ($) 
This pint-sized, counter-serve taqueria has 
straightforward Mexican grub such as burritos 
and tacos. 


The Keystone Social House 
68 4th St (0.4 mile) 
11:30 AM-12AM ($$) 
Relaxed tavern in a modernized historic space 
for craft cocktails, bar bites & New American 
entrees. 
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Select “San Francisco” and the address at 680 Folsom St. (3rd) San Francisco, CA 94107.
Choose “Thu 5/3/2018” and 11:00AM for the pick-up date and time.
Confirm and continue order until Step 2 of 2.
**In order to make sure that your order is included in our group order, you must follow
these steps:

Under “PickUp info” select the edit button next to “Recipient.”
For First Name, please enter “Nutrient.”
For Last Name, enter your last name.
Click “submit.”

Pay for your order, and workshop organizers will pick up the lunches and deliver them to
the workshop room.

• If you do not order lunch ahead of time, you can buy lunch on your own during the break before
the start of the working lunch.

Webinar Participation
• Webinar access information will be distributed on Monday for those joining remotely.

If you have any questions, please let me know.
Thank you,
Clair
Clair Meehan | Environmental Scientist
Direct: 508.734.5513
clair.meehan@tetratech.com
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